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SUMMARY

A wind-tunnel investigation has been conducted to measure the time-
averaged fuselage surface pressures of a helicopter model with a 3.15-meter
diameter, four-bladed articulated rotor. Measurements were made at hover and
advance ratios of 0.05, 0.15, and 0.20 for a range of thrusts. Data are
presented with no analysis,

INTRODUCTION

The downwash induced by a rotor on a helicopter fuselage and its empennage
generally produces an effect on the overall vehicle performance. These effects
are generally most evident in hover and low-speed flight as fuselage downloads
and yawing moments. The flow around the fuselage has a secondary effect of
inducing nonuniform downwash through the rotor disk.

The purpose of this investigatioa was to expand the data base required to
validate analytic models of the flow field around a rotorcraft fuselage. Most
comparisons to this date have used the results of reference 1 which presents
surface pressures of three helicopter models with l1-meter, 2-bladed diameter
rotors. This paper presents data for a general fuselage configuration with a
3.15-meter, 4-bladed rotor system.

No analysis of the data is presented as the purpose of this paper is to
provide experimental data for future analytical analyses.
SYMBOLS
Units used for physical quantities defined in this paper are given in the

International System of Units (SI). The positive senses of parameters are
shown in figures 1(a) and 1(b).

aq coning angle, deg

a;g first-harmonic rotor longitudinal flapping angle, deg
A1 lateral cyclic control, deg

b number of blades

bls first-harmonic rotor lateral flapping angle, deg

B1 longitudinal cyclic control, deg




c blade chord, m

.

Cp pressure coefficient, (p-p,)/q, forward flight, (p-ps,)/1.0 hover
CQ rotor torque coefficient, Q/pm(QR)an3

Cp rotor thrust coefficient, TR/pm(QR)Z'trR2

D drag, N

h/D height of rotor above test section floor/2R

H height of body/R

rotor drag force, N

height of hulb above gimbal pivot point, cm

EoF

lift, N

N ellipse power

P pressure, Pa

P, free-stream static pressure, Pa

q, free~stream dynamic pressure, Pa

Q rotor torque, N-m

r polar coordinate/R

R rotor radius, m

TR rotor thrust, N

V., free-stream velocity, m/sec or knots as noted
X,Y,Z cartesian coordinates, cm

XS,ZS distance tfrom moment reference center of gimbal pivot point, cm
YR rotor side force, N

o angle of attack, deg

R angle of sideslip, deg

Y rotor shaft tilt angle, deg

u advance ratio, V_/{R



o free-stream air density’,/- kg/m

o0
o rotor solidity, bc/ﬂﬁ

) polar coordinate, deg |

¥ blade azimuth positioﬁ/

Q rotor rotational speed, rad/sec
Notation:

HP hub plane

NFP no feathering plane

TPP tip path plane

RPM revolutions per minute
Subscripts:

F fuselage

MODEL AND APPARATUS

The general rotor model system (GRMS) was used in the Langley V/STOL
tunnel for this investigation. A sketch of the model is presented irn figure 1,
and a photograph of the model in the test section is presented as figure 2.
Details of the model may be found in reference 2,

The rotor hub used in the investigation was fully articulated. The
flapping and lagging hinges were coincident at the 4.8 percent radius. The
pitch-flap coupling angle was set at -2°, Position potentiometers were mounted
on the flapping and lagging hinges of the reference blade to provide a measure
of the flapping and lagging motions. Strain gages were mounted on the pitch
link of the reference blade to measure the control loads. The rotor was driven
by twin 67 kW (90 h.p.) electric motors driving a common transmission. The
rotor, transmission, and motor assembly were mounted on a six-component strain-
gage balance. The balance was supported by a gimbal system of springs and
dampers to insure that the rotor would be free from ground resonance.

The rotor blades had -8° twist and an untapered planform. One blade was
equipped with externally mounted strain gages. Spanwise wiring to the gage
was run internally. However, at the four radial positions of the gages, the
instrumentation wire was run externally in a chordwise direction. Further
details of the rotor blades may be found in table 1.

The fuselage shape is mathematically derived from super-ellipse equations.
For a given fuselage station (X), the cross section (Y and Z coordinates) is



defined by the height (H), width (W), camber line (Z0), and elliptical
power (N).

A super ellipse is defined by the elliptical equation

) o

where n and m are not necessarily equal to two or equal to ecach other, and
A, B, C, x0, and yO are arbitrary constants., By solving for y as a function
of « (i.e., y = F(x)), equation (1) becomes :

1

m
F(x)=B( -("Z"")n) - y0 @

y

Making the substitutions m = Cg; yO = =Cg; B =C7; C = Cj;; and X = x and by
expanding the term

X + xO)n
- 3
(=2 (3)
to
o
X+ C3 3
+ Cy c (4)
4
equation (2) becomes
1
cJ1Cs
F(X) = C. +Cq |C X+ G (5)
=Ce *C7 |C1 +C2\—¢
4

Equation (5) is then used to calculate H, W, Z0, and N as a function of
X by selection of an appropriate set of constants C; through Cg (Table II).

The cross section at the fuselage station X can then be defined by a
polar coordinate (r,$) form of equation (1) with

y + y0O = r cos ¢ (6)

x + x0

r sin ¢ (7

o R——— st o s+
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and the constant relations C =1 and n = m = N, Thus equatior (2), solving
for r, becomes .

1
N
@- "
(A sin )N + (B cos )N

(8)

r-

Therefore, the body cartesian coordinates may be obtained for ¢ =0 to 27
by using equation (8) and substituting A = H/2, B = W/2, and N obtained
irom function (3) to determine r. The cartesian coordinates Y and Z are
then calculated using Y = r sinp and 2Z = r cosp + Z0 where Z0 was
obtained using function (3). As shown in figure 3, the body is divided into
four regions and the pylon into two regions with a set of constants for each
region,

One hundred seventy-six orifices were located on the body. The cartesian
coordinates of these orifices are listed in table III.

Body pitch angle was measured by instrumentation inside the model while
‘sideslip angles were calculated based upon the joint positions of the V/STOL
alpha-beta sting assembly. Surface pressures were measured by six pressure
transducers as the orifices were mechanically scanned,

~

TEST CONDITIONS AND CORRECTIONS 1

This investigation was conducted in the Langley V/STOL tunnel, which is a
closed-return, atmospheric tunnel, The tunnel test. section, which measures
4,42 m by 6.63 m, was operated in fwo modes: (1) with the walls and ceiling
removed for an advance ratio H of 0.05 and in hover; and (2) with a closed
test section for advance ratios of 0.15 and 0.20. All tests were conducted with
the moment reference center of the model on the center line of the test section.
This position corresponds to h/D = 0.92.

Angle-of-attack and sideslip sweeps were made using the alpha-beta sting.
No sting corrections were made. Angle of attack and tunnel dynamic pressure
were corrected using methods described in reference 3. :

%

Force data were averaged for 100 samples over 10 seconds. Pressure data
were averaged for 50 samples over 5 seconds with 0.8 second allowed for settling
time between orifice scan steps.

" Test conditions for various run and point numbers are listed in
table IV,



PRESENTATION OF DATA

Data are presented as figure 4. Pressure coefficients, C, , are plotted
for 14 fuselage stations at each test condition listed in table IV. Orifice
coordinates can be found in table III. Listings of Cp for each test
condition is provided in the appendix,
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TABLE I.- MCDEL GEOMETRY

Fuselage:

Moment Reference Center

Length

Rotor:

Hub Coordinstes

Number of Blades

Root Cutout
Chord

Radius

Twist

Flapping Inertia
Solidity

Airfoil Section

i}

U

0.690R
0.0 R
0.0 R

2,0 R

0.690R
0.0 R
0.12LR
L

2 deg
0,009R
0.03L4R
0.090R
0.20R
+108m
1.5Tkm

-8.0°

0.653 Kg - m®

0.0871

NASA RC-10-(B) M002



TABLE II

(a) Fuselage Parameters
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(b) Pylon Parameters
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TABLE III. - ORIFICE COORDINATES

ORIFECE

CXNCT L WN -~

X/R

00517
«LOl17
« 0516
«0516
« 0517
« 0518
01941
e 094}
« 0942
« 0941
« 0940
00940
« 0940
elabl
eléb?
elav?
ei14b]
el45]
«1450
el450
«2007
« 2007
ec007
«e2006
2007
« 2007
2563
o3
e 2he3
2h0]
«29¢ ]
«3074
30174
30174
03074
«3U74
«3013
«3073
e 349¥
e J4Y9
e J4NR
e JayBg
e 3499
«349y

'wiGINAL PAGE IS
F POOR QUALITY

Y/R

«0070
« 0353
» 0558
« 0595
20475
« 0217
20097
«0294
«049]
« 0656
« 0755
o791
00791
« 0120
e 0367
0617
0817
« 00823
« 0954
00954
«0136
o721
« 1054
1077
o 94 H
w0426
0152
« 0470
« (0799
«1045
1145
ellb?
1162
0160
« 0499
X104
«1106
«1200
1213
olel3
«016Y
Bty
«le2Yy
1239
1141
dUSTY

Z/R

e 0064
‘00005
~e0231
-.0541
-.08c6
~e0969

«0387

» 0366

«0300

0167
~-o0021
-.02341
-00“42

0667

0648

«0571

«0402

e 0199
~+0100
- e 0395

« 0892

0792

«0303
~,0c84
-~ NET0
~el1b4

1056

«1042

e 0957

0731

e 0406

<0080
-00231

oll62

1150

1066

Olze

0471

e0l2H
-, 0197

17t
llck

0206
-, 0178
- 090
~elc34
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ORLFICE

47
48
4y
50
51
52
53
54
By}
%6
57
ve
59
60
61
62
63
64
65
66
67
68
6y
10
(1
12
/3
14
(s
re
(7
&
19
B0
81
H2
M3
B4
b
be
87
He
»Y
90
vl
Y2
y3
T

TABLE III. - CONTINUED

X/R

«4669
04669
« 4669
« 40669
« 4069
«6003
«6003
eH0U3
6003
«6003
«HHB09
8809
«8810
«HHI10
«H8810
1.0007
1.0008
l1.0009
10007
1.000R
leolell
leléEly
l.1618
lo1618
l.1619
l1el621
lelbzl
lelol9
leleln
1.1618
1.1619
1.1621
1434060
143493
1e2493
s J460N0
l1e3453
1436493
lab307
1.5300
15300
1.5307
0917
oUb17
™16
0516
o017
e UB1AR

Y/R

«0901
01162
1243
«1250
«1250
« 0901
21162
«1243
1250
«1250
<0870
«1123
«1205
«1213
«1213
c079h
«1109
1119
«1029
w0467
w0128
« 0396
»06A0Y
« 0866
e 094}
« 0853
+ 0953
« 094
VE-ToT
bbY
e 0346
e012H
«0099
20510
0726
« 0739
E6]
« 0305
0070
e 0355
001
VL. Y-
"Un?“
‘00353
‘0055H
-, 0549%
- 047%
-. 0217

Z/H

ell62
«0S801
« 0524
0168
'00168
1162
«0501
0524
e0l68
-00168
«1138
« 085
«0be3
w0177
'00148
<1081
e 0520
-.0097
-.0744
'01050
«1071
« 1059
« DY ES
0T7HY
20519
024/
-.0009
‘00277
-e05%1
--074,
~.0l2¢
- 0H34
« 0643
O HED
0E0Y
« 0105
‘00300
-olivZe
+08l0b
e074Y
«0UN03
«021Y
0064
-.0005
-e02231
~e0b4]
-.0*&6
- NUKY



STRIP

1A
16
lée
le
l¢e
lé
l¢
17
17
17
17
17
17
17
18
1
18
18
1H
e
19
1¢
19
16
19
19
16
20
co
20
20
20
20
20
21
21
21
21
21
21
2¢
2e
2z
22
2z
23
23
23

OKIFICE

Y5

ve

97

Y

Y9
100
101
102
103
104
10%
106
107
108
109
110
111
112
114
114
115
lie
117
11y
119
lev
1¢1
lee
123
lza
125
leé
127
I~
ies
130
131
132
133
134
13%
14+
137
1am
139
140
141]
lap

TABLE

IIT, - CONTINUED

X/¥

0941
« 0941
0942
«094)
« 0940
«0940
eldb1
e 1452
al4b?
elébl
elabvl
« 1490
«l450
2007
« 2007
2007
006
2007
o207
2962
«2963
echHt 3
o2Hb?
e2ht]
w2961
e 3D14
« 3074
e 3074
«e3U /14
«30173
« 3073
e 34ye
« 3499
e 3uys
e JGYH
« 349y
e J4Yyy
e 466G
4669
46069
«46EQ
406G
o003
€002
JEUOR

Y/R

“10097
-o 0294
-e049]
-.0656
-. 0755
-e0791
’.0791
-.0120
-00367
-.00617
-.0817
=+0923
-+095¢4
-2 0954
-.013&
'.0721
--1054
-01077
'00945
e U426
‘30152
-.0470
-00799
-01045
'01145
~.ll6e
-.llh't
(160
- 0499y
- (1HbH?
-01106
-¢1200
~«17213
~.1713
‘.0165
-2 UHRZ
~elPP4
~e123Y
‘01141
-elinl&
-+ 0901
-sll162
-ellad
'nl?b“
-el2bt
- U501
-cllb?
-«1743

Z/k

00387
« 0368
20300
0167
'00021
-00231
- 0442
s 0667
«0648
» 09571
«0402
0159
--0100
=+0355
Y- Y
0792
«0303
-c0264
-.0870
-I1154
«1056
«llaZ
«068YH7
0731
e0400
0080
=.0731
«lle2
el1%0
L10E6
IR ers
«0471
«0lck
'.019I
el1220
1126
OB 06
0178
- UtSGb
~el234
ell€2
04901
s
B Y ok,
‘oOlfﬁ
11862
«090 )
b4
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23
23
24
24
24
24
24
2s
25
25
25
25
26
26
26
2¢
2e
2¢
26
a2¢
26
26
2*
2¢
27
27
i
27
2T
27
28
cH
s
et

CRIFICE

143
144
145
146
147
la4d
1oy
150
151
152
153
154
1=%
16
157
198
15y
160
161
102
163
164
ley
le6e
le?
lee
oY
170
17
112
113
174
Ly
lre

TABLE III, ~ CONTINUED

X/R

6003

«6003

5809

«8809

«HE10

8810

JB810
1.0007
10008
1.0009
1.0007
l.0008
l.1€21
lsl€1i9
l.1€18
la.l618
lelbly
l.1621
lelocl
l.1€19
lelbl8
lelels
lo1619
l.1621
le346€(
143453
1.3453
lelann
le34593
l.3453
1e£307
le5300
leS 400
l.9307

Y/R

”-1250
‘01250
’00870
‘01123
-e1205
-a1213
'01213
~+0796
-.1109
'01119
-+1029
-004b7
'00125
=+ 0394
'006h9
-.0R66
-e0941
--0953
‘.0953
~e094]
-.086b
- 0669
-«0396
'00128
- 009Y
-o (1510
-o0726
-.0N739
-,0661
-40305
-.0070
- 0385
-e0513
- 0827

/K

«0168
-.0168
e1138
QlEY
0523
0177
~.0148
<1081
« 0520
-, 0097
- 0744
‘.1056
«1071
«105Y
« 0985
s 07HY
« 0515
04l
-+ 0009
=~ Ne?7
-, 0551
-e0747
-~.0E22
'00634
« 0943
s OBES
0509
«0105
-, 0306
=os0bed
Q16
« 0749
e 0903
0219



TEST IV.~ TEST CONDITIONS

Run | Point [ knots) O Bx RPM Cop ajg
10 79 |¢41.2) |-10.0] O
80 |(41.3) |- 5.0
81 |(41.2) 5.0
11 2 | (41.2)
83 |(41.2) 5.0
84 | (41.3) 0
85 | (41.2) ~5.0
g6 | (4l1.4) ~10.0
87 {(41.2) ~15.0
12 gg | (81.5) |[-10.0] ¢
89 |@®L.7) |-5.0f ¢
90 |@®81.7) 0 0
91 | ®1.6) 5.6 0
13 92 |(81.5) Q 0
93 [(81.7) -5.0
94 {(81.7) 0
95 |(81.8) -5.0
96 |(81.7) -15.0 v Y y
15 121 | O 0 1200 | 0.003CC C
122 .00467
123 .00639
124 .00819
125 .00988
126 .00637
16 | 127 00662
128 .55
129 1,45
130 2,28
131 ~.23
132 ~1.07
123 -1.94
13¢ -2.79
17 135 0
136
137
1338
139
140
141 L
142 N v v
20 167 0.050 | 3.30 ~-.00080] -1.03
168 .050 | 2.25 -.00093| ~-1.20
169 .050 { 1.23 .00340| -1.07
170 .050 | O .00502 -.92
171 050 | O .00659| -.81
172 .050 | © v . AR .00816 -.69

e sk T
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TABLE IV. ~ CONTINUED

Run | Point | knots| o Br RPM Cr a b
22 137 0.054 | 1.60 | 0 200 | 0.00098 | -.68 .21
138 1.23 .00209 | -.50 .40
139 1.18 .00518 | 1.04 | 1.03
140 2.15 00827 | -.54 .07
25 147 a5 | 2.42 00275 | -.27 | 1.34
148 2.86 .00500 | -.38 | 1.49
149 3.09 . .00706 | -.37 | 1.25
150 2,29 .00781 | -.53 | 1.24
29 177 .20 |-1.0 00132 | -,07 | -.19
178 : 00366 | -.10 | -.22
179 00559 | -.25 | -.23
180 .0062 | -.12 | -.18
181 .00759 | -,09 | -.13
182 v , 00861 | -.18 | -.13
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(b) Rotor
Figure 1.

view from 10P
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APPENDIX

The pressure data, presernted graphically as figure .:, are presented in
tabular form in this appendix. Orifices are referenced by orifice number.
The coordinates may be found in table III and the test conditions in table IV,
The pressure coefficient C, is described in the "Symbols" section.
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